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The overall objective of this cooperative work with
Genometrix is to develop a novel method for auto-
mated, low-cost, high-throughput DNA sequence
analysis. The overall goal is to demonstrate labora-
tory prototypes that provide a substantial increase
in speed over the conventional DNA sequencing
methods now used in the biomedical, pharmaceu-
tical, and agricultural industries.

The basic approach being taken is depicted in
figure 1. In a hypothetical DNA sequencing test, a
solution of single-stranded "target" DNA strands of
identical but unknown sequence is washed onto a
specialized microelectronic chip called a geno-
sensor. The genosensor surface contains a large
array of test sites, each site containing short pieces
of single-stranded DNA known as "probes." These
probes are chemically attached to the site. Al
probes in a given site are of like sequence, and the
sequence for each site is unique on the chip. The
target DNA strands will bond, or hybridize, very
strongly to probes containing their exact Watson-
Crick complement, but much less strongly to probes
on other sites. The sites containing hybridized DNA
are identified via electronic sensing on the chip, and
this information is used by off-chip instrumentation
to reconstruct the sequence of the target strands.

MIT's role in this effort is to perform the design and
fabrication of the genosensor chips.

The simplest electrical measurement that can be
made at a test site to detect hybridization is prob-
ably a measurement of the change in local permit-
tivity due to the addition of long target strands to
the site. The complex permittivity &'-je” of an
aqueous solution containing DNA exhibits a disper-
sion around a relaxation frequency which is a func-
tion of the size and conformation of the DNA
molecule. A measurement of the capacitance
and/or conductance between two electrodes in the
solution over a range of frequency can therefore dif-
ferentiate between a site that contains only short
probe strands and one that contains long target
strands hybridized to the probe strands. From
these measurements the relative permittivity €', the
dielectric loss €' and the dissipation factor ¢''/¢’ can
be obtained for the cell.

The ideal electrode structure in a test well consists
of two parallel plates spaced so that the entire
volume between them is filled by the hybridized
DNA globules in aqueous solution. For the sizes of
target DNA envisioned, this spacing ranges from
approximately 200 to a few thousand angstroms. A
practical, easily fabricated structure that approxi-
mates this ideal is the interdigitated design shown
in figure 2. Fabricated by a combination of wet and
dry etching with metal liftoff, this design can
achieve the required spacings between the upper
and lower electrodes at their edges. Devices
having either Au or Pt electrodes have been fabri-
cated, with Pt preferred for most applications.
Figure 3 shows various aspects of completed geno-
sensor devices.

The primary emphasis of our work this past year
was to optimize the electrode geometry for
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1.2.1 Program Summary

This is a collaborative project between the
Research Laboratory for Electronics and the
Whitehead Institute for Biomedical Research to
develop  microelectromechanical  systems  for
biochemical analysis (BioMEMS). The main
emphasis is on developing microfabricated fluidic
devices for sequencing and typing of DNA and
protein. In this program, we invent new microfluidic
devices and develop new microfabrication methods
such as lithography, glass bonding, and molded
polymer replication for applications in genetics and
cell biology. Our program engineers advanced
automation and optical sensors to support
BioMEMS development.
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Supported by funding from the National Institutes of
Health, the Microfluidic Biodevices program installs
new methods of high-volume DNA sequencing at
Whitehead's Center for Genome Research.
Funding from the Defense Advanced Research
Projects Agency and the U.S. Air Force's Office of
Scientific Research supports advanced applications
in Department of Defense forensics and detection
of pathological microbes.

1.2.2 Publication
Young, A., and D.J. Ehrlich. "Quantitative Injection
of 100-picoliter Samples for Capillary and Micro-

chip Electrophoresis." Submitted to J. Anal.
Chem.
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